The control of mercury (Hg) from coal-fired power plants by adsorption in solid sorbents is an attractive way to reduce Hg emissions. In this study a commercial activated carbon (Norit RB3) was impregnated with gold nanoparticles for the retention of Hg in gas phase, with the intention to explore their potential to be regenerated in future investigations. The activated carbon (RB3) was impregnated with different gold contents using polyvinyl alcohol (PVA) and tetrakis (hydroxymethyl)phosphonium chloride (THPC) in order to compare the performance of these two methods. Gold particles of ~5 nm were obtained in the carbonaceous support for low gold contents (0.1%). With comparative purposes of sorbent behaviour, the Hg 0 retention capacity was evaluated in a lab-scale device in an O 2 +N 2 atmosphere. Although the Hg retention capacities of these sorbents were similar by the two methods, a higher efficiency was achieved with THPC, being in some cases 80%. The results showed that the use of THPC is a promising means for dropping gold (0.1 %) to make carbonaceous sorbents for use in Hg capture.
Introduction
Coal is a chemically complex substance that contains many trace elements including Hg. The combustion of coal can result in this element being released from power stations with potentially harmful consequences for human health and the environment 1 Several studies on the retention of Hg from flue gases by activated carbons, particularly activated carbons impregnated with sulphur, chloride and iodine, have been published [4] [5] [6] [7] [8] [9] [10] . needed. This problem can be avoided by developing sorbents from highly efficient amalgam-dispersing Au nanoparticles, which is the aim of the present work.
The preparation of materials with Au nanoparticles has already been carried out to obtain catalysts for different applications [14] [15] [16] . However, there is a lack of knowledge concerning the application of such materials to coal combustion gas cleaning. The activity of the catalysts has been shown to depend greatly on both the method of preparation and on the support, prompting a search for alternative preparative methods other than deposition-precipitation 17 . Important questions regarding the use of nanoparticles include finding a way to stabilize them to avoid their aggregation into large clusters and how to control their spatial positions in the materials 18 [19] [20] . Furthermore the particle diameter can be easily adjusted by altering certain preparation parameters (reduction agent, concentration of reagents 17 , temperature 21 , etc).
The final objective of the present research work is to develop carbonaceous sorbents that contain Au nanoparticles able to amalgamate with Hg. A sorbent is being developed with the intention of be regenerated and used in the flue gas stream at the end of the coal combustion cycle where most of Hg 2+ may already have been retained, assuming that it will be used in a power plant in where DeNox, particles control and desulphurization devices are operating. This paper only focuses on the development of sorbents and compares their performance in the basic conditions. To attain this goal, the study was carried out using an activated carbon of high surface area as the support for Au nano-particles to obtain a sorbent for retention of Hg 0 that, potentially, could subsequently be regenerated. Two methods of preparation, both of which prevent the aggregation of Au into large particles, were tested. Hg retention capacity and efficiency was evaluated in relation to different amounts of Au in the carbonaceous material. 
Experimental

Materials and preparation procedures
Analysis of the activated carbon impregnated with Au nanoparticles
The Au distribution and speciation on the Au-impregnated activated carbon surface were analyzed by transmission electron microscopy (TEM) and X-ray photoelectron spectroscopy (XPS), respectively. The BET surface area was determined by means of volumetric adsorption of nitrogen at 77 K. The meso-and macroporosity 7 was analyzed by mercury porosimetry. The quantity of Au retained in the sorbent was determined by analyzing the Au in the solution after impregnation by inductively coupled plasma mass spectrometry (ICP-MS). Oxidation with H 2 O 2 30% v/v was performed to remove any traces of PVA and THPC in the solution. The average particle diameters of the Au particles on the carbon support were determined by TEM analysis.
Experimental device for Hg retention experiments
The laboratory device used for Hg retention is shown in Figure 1 . 
Results and discussion
Characterization of the support
The sulphur content in the activated carbon is 0.43% wt. The porous texture of the RB3 has been described in detail in a previously published work 24 . It should also be mentioned that its nitrogen adsorption isotherms belong to type I of the BDDT classification, with type IV playing only a minor role. The values for the surface area, total pore volume (V t ), equivalent micropore suface area (V DReq ) obtained by fitting the Dubinin-Radushkevich (DR) equation and micropore volume (V micDR ) are presented in Table 1 . CO 2 adsorption isotherms were performed in the relative pressure interval of 0-0.03, where only the narrowest micropores are filled. The results for the micropore volume by fitting the DR equation and the equivalent micropore surface area are shown in Table 2 . As can be seen, the equivalent micropore surface area value obtained from DR with CO 2 is lower than that obtained from the N 2 isotherms. This is due to the welldeveloped microporosity of RB3 that has pores which CO 2 is unable to fill. The study by NLDFT revealed that this activated carbon possesses a pore distribution where most of the pores range between 5 and 20 Å.
Au deposition on RB3 support
RB3 sorbents with contents of Au ranging from 0.05 to 5 wt% were prepared using both the PVA and THPC methods. The amount of Au theoretically present on the sorbent when all the element present in solution was coated was denoted Au calculated, while the amount of Au analyzed in the sorbent after deposition, was designated Au deposited (Table 3) . As can be observed, the amount of Au supported, regardless of the preparation method, was quantitative for low contents of Au (0.05 and 0.1%). However, when the Au content increases (1-5%), the amount of Au on each support varies depending on the method of preparation (Table 3) . The Au coating was almost 100%
effective with the THPC method, as opposed to 30% using the PVA. This is because, unlike THPC, PVA is a colloidal protector with very low water solubility. It therefore prevents the Au from totally dissolving and causes the non-quantitative immobilization of Au on the support.
The BET surface area of Au-loaded RB3, regardless of the preparation method or the amount of Au deposited, was similar to that of the raw activated carbon (Table 1) In these micrographs it can be observed that the distribution of Au particles is more homogeneous for low Au contents. Moreover, an increase in the concentration of Au widens the range of particle sizes: Figure 5 shows a micrograph of the material loaded with 5% Au by the THPC method, where particle sizes range from 4 to 18 nm. 
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Hg retention on RB3 impregnated with Au nanoparticles
The Hg adsorption curves and Hg retention capacities for the raw RB3 and the coated Au-RB3 samples are given in Figure 7 and Table 4 , respectively. The curves represent the outlet/inlet Hg concentration ratio (C out /C in ) versus time. The Hg retention capacities were calculated at two points, the breakthrough time (t b ) and after 4320 min of retention (Table 4 ). The breakthrough time is defined as the time at which a sample retains Hg with 100% efficiency (C out /C in =0). As can be seen in Figure 7 , the saturation point of the sorbent (C out /C in =1) (only achieved with raw RB3) was not reached in any of the samples impregnated with Au, at least during the 4320 min in question. This time (4320 min) was chosen as being a reasonable experimental duration of time for comparing the behaviour of the different sorbents under similar conditions. The concentration of Hg retained (retention capacity) was calculated as the area between the curve and the background (C out /C in =1) for both, t b and the 4320 min ( Table 4 ). The validity of this calculation method was confirmed by a post-retention analysis of the sorbents using an automatic mercury analyzer (AMA). Table 4 The retention capacity of Hg 0 increased considerably when the RB3 activated carbon was impregnated with Au ( Figure 7) . The Hg retention capacity of the raw RB3 was approximately 10 μg g -1 while the Au-loaded RB3 samples exhibited retention values higher than 3 mg g -1 after 4320 min of experiment with an efficiency of 84% (Table 4) . This behaviour is similar to the performance of activated carbon RB3 impregnated with sulphur (commercial activated carbon Norit RBHG3) which was specifically prepared for Hg capture (Table 4) . However an increase in Au content does not always favour the retention of Hg. Mercury retention capacities of 100% efficiency ranged from 0.4 to 0.7 mg g -1 in the samples prepared using PVA method, while the Hg retention range for their THPC counterparts was even greater (0.2-0.9 mg g -1 ) ( Table 4 ).
The best result was obtained for RB3 impregnated with Au using the THPC method with 1% of Au followed by 0.1% of Au. As can be observed, in the sorbents prepared with PVA, the sample with the highest Au content (0.6%) presents the lowest Hg retention (0.36 mg g -1 ) at the breakthrough time (t b ). In the THPC samples, Hg retention improves for Au increases up to 1%, but above this value Hg retention deteriorates (Table 4) . To explain these observations it is worth to remain that Hg retention depends not only on the Au content but also on its distribution and particle size. TEM 
Conclusions
The evaluation of the performance of nano-dispersed Au loaded activated carbon 
